In this study, the effects of the supplementation of lamb rations with Yucca schidigera powder (YSP) on water activity, pH, lipid peroxidation, oxidation of colour parameters and microbial counts in the Musculus gluteo biceps and Musculus longissimus dorsi were investigated. Three groups were established, namely, the Control group fed on a basal ration and Groups YSPI and YSPII given a basal ration added 100 mg/kg and 200 mg/kg of Yucca schidigera powder, respectively. YSP affected pH and lipid peroxidation in the gluteo biceps and longissimus dorsi muscles, L* (Lightness) in the former and L* and a* (redness) in the latter. YSP reduced Enterobacteriaceae and total mesophilic aerobic bacteria counts in both muscles, while its effects on total psychrotrophic aerobic bacteria, Micrococcus/Staphylococcus, Staphylococcus aureus, yeast and mold counts varied. Prolonged storage negatively affected the quality of both muscles, but YSP provided significant amelioration. Dietary supplementation with YSP improved meat quality and shelf life.
Introduction
It is well known that nutrition strategies play a significant role in increasing productivity and quality in animal production. Antibiotics have been used extensively for this purpose in animal nutrition for many years. However, upon the reveal of their detrimental effects on human health, their incorporation into feed rations has been prohibited. Thus, vitamins, minerals and plant extracts and powders have started to be used as feed additives and as an alternative to antibiotics. In the food sector, antioxidant additives are used to prevent oxidation reactions, such as the rancidity of fats and colour change, as well as the microbial spoilage of food, and thus, serve to extend the shelf life of food products (Alimentarius, 2002) . As a matter of fact, research conducted to date has demonstrated that antioxidant vitamins positively affect both the quality and shelf life of meat (Imik et al., 2010; Oral et al., 2014) . Phytochemical substances found in the structure of plants are used in both human medicine for their antioxidant, antimicrobial, antiparasitic, immunostimulatory, anticarcinogenic, anticholesterol and antihypertensive effects, as well as in the food industry as additives (Cheeke, 2009; Piacente, 2004) . Depending on the levels of phenolic compounds and saponins it contains, Yucca is used for its ammoniumbinding, urease-inhibiting, surface-tension reducing (in the intestinal epithelium), antibacterial, antiprotozoal, antifungal and antioxidant effects. It has been reported that, when administered to ruminants and monogastric animals, it positively affects vigour, nutrient digestion and absorption, and yields (Kutlu et al., 2001) . The US Food and Drug Administration (FDA) has reported that products containing Yucca schidigera and Quillaja saponaria are, in general, safe and harmless (Tanaka et al., 1996) . Although Yucca schidigera is used for multiple purposes, no literature report is available on its effects on meat quality when used as a feed additive. In this respect, this study was aimed at determining, in detail, the effect of Yucca schidigera on post-mortem metabolism, which defines meat quality. This study investigated the effects of Yucca schidigera on the water activity, pH (acidification), lipid peroxidation, colour parameter (L*, a* and b*) oxidation and microbial properties of the Musculus gluteo biceps and Musculus longissimus dorsi.
Materials and Methods

Animals, experimental design and feed
The trial was conducted at the premises of the Research and Practice Unit of Ataturk University, Faculty of Veterinary Medicine. Twenty-four 3-month-old lambs of the Akkaraman breed were fed on a basal ration, the composition of which is presented in Table 1 , for a period of 70 days. From each group, which reached a mean final body weight of 47±0.5 kg at the end of the fattening period, 8 animals, and in total 24 lambs, were slaughtered for the analysis of the gluteo biceps and longissimus dorsi muscles. Of the trial groups, the control group was fed on the basal ration alone, Group YSPI on the basal ration supplemented with 100 ppm of Yucca schidigera powder, and Group YSPII on the basal ration supplemented with 200 ppm of Yucca schidigera powder. This study was approved by the ethics committee of Ataturk University Health Sciences Institute (Decision No: 2010/5.1/16).
Yucca schidigera powder (EkomixYucca)
EkomixYucca, 120 mg Yucca schidigera powder per kg, Ekol Food Agriculture and Livestock Marketing Industry and Trade Inc.
Feed analysis
The analyses of the feedstuffs used in the study for crude protein and crude fat proportions were performed in accordance with the methods laid down by the Association of Official Analytical Chemists (AOAC, 2005) , and crude cellulose analyses were performed as described by Van Soest and Robertson (Van Soest and Robertson, 1985) .
Determination of meat quality
The animals were slaughtered after being fasted for a period of 10 hours. After the carcasses were maintained at +4˚C for 24 hours, the Musculus gluteo biceps (M. superficialis + M. biceps femoris) and Musculus longissimus dorsi were extracted and divided into 7 portions. The extracted muscles were placed into polyethylene plates, covered with stretch film, and stored at 4 ± 1 ºC during storage period. On 1., 3., 5., 7. and 11. days the meat samples analaysed for water activity, pH, thiobarbituric acid-reactive substances (TBARS) and colour [L*(relative lightness), a*(relative redness), b*(relative yellowness)] were analaysed and microbial counts [Enterobacteriaceae, total psychrotrophic aerobic bacteria (TPAB), total mesophilic aerobic bacteria (TMAB), Micrococcus/Staphylococcus, Staphylococcus aureus (S. aureus), yeasts and molds] were performed on the samples. Microbiological analyses of the samples preceded the other analyses. Water activity values were measured using an Aqualab 4TE (USA) device. Meat samples were placed in the container of the device for the reading of the a w values. The pH values of the samples were measured as described by Gokalp et al. (2001) . Accordingly, 10 g-portions of the homogenized samples were weighed and each portion was added 100 ml of distilled water. Homogenization was performed for 1 minute using an Ultra-Turrax (IKA Werk T 25, Germany) homogenizer and the pH values were measured using a pH-meter (WTW Inolab, Germany). For the determination of the TBARS values, 2 g of the homogenized samples were added 12 ml of TCA solution (7.5% TCA, 0.1% EDTA, 0.1% propyl gallate dissolved in 3 ml ethanol), homogenized for 15-20 seconds on an Ultra-Turrax homogenizer, and subsequently, filtered through Whatman 1 filter paper. Of the filtrate, 3 ml was transferred into a test tube, added 3 ml of TBA solution (0.02 M) and mixed. After maintained in a water bath at 100 ºC for 40 minutes, the test tubes were cooled in cold water for 5 minutes. Following centrifugation (2000g, 5 min) , absorbance values were read at 530 nm using a spectrophotometer (Aquamate Thermo-Electron Corporation, England). The standard was prepared using TEP (1,1,3,3, tetraethoxypropane) and the k value was calculated as 0.06. Results are given in μmolmalonaldehyde/kg (Lemon, 1975) . TBARS = ((absorbance/ k (0.06) x2/1000)x6.8)x1000/sample weight The colour intensities (L*, a*, b*) of the cross sections of the samples were measured using a Minolta (CR-200, Minolta Co, Osaka, Japan) colorimeter. The microbiological analyses of the samples were performed as described by Baumgart et al. (1993) . Accordingly, 25 g of the meat samples was homogenized in 225 ml of sterile Ringer's solution. Bacterial counts were expressed in log cfu g-1. Subsequently, the other solutions were prepared. Inoculations were made using the spread plate technique. The TMAB count was determined using Plate Count Agar (PCA, Merck). The petri dishes were incubated under aerobic conditions at 30 ± 1ºC for 72+1 hours. The TPAB count was also determined using the Plate Count Agar (PCA, Merck), and the petri dishes were incubated under aerobic conditions at 7 ± 1ºC for 10 days. For the determination of Enterobacteriaceae counts, 0.1 ml of the appropriate dilutions was inoculated into Violet Red Bile Dextrose Agar (VRBDA, Merck). The petri dishes were incubated at 30 ºC under anaerobic conditions for 2 days. Micrococcus/Staphylococcus counts were determined using mannitol-salt agar (MSA). The plates were incubated under aerobic conditions at 30 ± 1ºC for 48±1 hours. S. aureus counts were determined using Baird Parker Agar (BPA) (Oxoid CM 275) supplemented with egg yolktellurite emulsion (Oxoid SR 54). The petri dishes were incubated under aerobic conditions at 37 ºC for 48 hours (Barbut, 2002) . Bright black coloured catalase (+), oxidase (-) and coagulase (+) colonies with transparent zones that grew on BPA were evaluated to belong to S. aureus. Yeast and mold counts were determined using Rose Bengal Chloramphenicol (RBC) agar. The petri dishes were incubated under aerobic conditions at 25 ± 1ºC for 5 days.
Statistical analysis
Water activity, pH, TBARS, colour parameters (L*, a* and b*) and microbial counts (logcfu g-1) were analysed using general linear model: Yijk = µ + di +gj + dgij + eijk Yijk = µ + di +gj + dgij + eijk WhereYijk = response variable, µ = population mean, di= Storage Time (1., 3., 5., 7.,9. and 11. Days) (Water activity, pH, TBARS, L*, a*, b*, microorganism)], gj = treatment group (Control, YSPI, YSPII), dgij = Storage Time x treatment group interaction, eijk= experimental error. All statistical analyses were performed using the SPSS 10.00 software (SPSS, 1996) .
Results
Thefindings obtained in the present study demonstrated a significant effect of Yucca schidigera powder on the water activity of the Musculus longissimus dorsi, while the effect of Yucca on the water activity of the Musculus gluteo biceps was found to be limited ( Table 2 ). The results obtained in the present study have shown that both the Yucca schidigera powder and the length of the storage period of meat have significant effect on the pH values of the gluteo biceps and longissimus dorsi muscles (Table 2 ). In the present study, it was observed that the antioxidant substances found in the structure of YSP, which was incorporated into the feed ration, eliminated free radicals from the environment, and thereby, significantly reduced lipid peroxidation in the Musculus gluteo biceps and Musculus longissimus dorsi (Table 2) . It was ascertained that, of the colour parameters of the Musculus gluteo biceps, the oxidation of L* was affected variably by YSP, while b* was affected significantly by ST. This study showed that, in lambs, the oxidation of the colour parameters (L*, a*, b*) of the Musculus longissimus dorsi was significantly affected by ST. Furthermore, it was ascertained that the oxidation of L* and a* was significantly affected by the supplementation of the ration with YSP, and that the oxidation of L* and b* was significantly affected by T*ST (Table 3) . YSP significantly reduces the growth of Enterobacteriaceae and total mesophilic aerobic bacteria in the longissimus dorsi and gluteobiceps muscles, and thus, exhibits antimicrobial affect. On the other hand, YSP has been observed to reduce the growth of total mesophilic aerobic bacteria (TMAB) and Micrococcus/ Staphylococcus on certain days and to have no effect on their growth on some other days (Table 4 and 5). The supplementation of lamb rations with Yucca schidigera powder resulted in a significant increase in the yeast and mold counts of the musculus longissimus dorsi, but induced a variable effect on the musculus gluteo biceps, the variability of which was found to be statistically insignificant (Table 4 and 5). 
Discussion
It is known that animal nutrition strategies enable the improvement of the quality and shelf life of meat. Thus, it has been reported that the supplementation of feed rations with antioxidants induces positive effects on meat quality and shelf life (Imik et al., 2010; Oral et al., 2014) . Furthermore, the increasing demand of consumers for food containing natural supplements has drawn the attention to herbal additives. Several studies have been conducted on the effects of dietary supplementation with Yucca schidigera extract or powder on performance and metabolic parameters in animal production (Cheeke, 2009; Eryavuz and Dehority, 2004; Kutlu et al., 2001; Wang et al., 1998 ), yet no previous study exists on the effect of Yucca on meat quality and shelf life. Post-mortem metabolism, which defines meat quality, is affected by both internal factors (water activity, natural antioxidants, antimicrobial substances and free radicals, etc.) and external factors (length of storage period, temperature and atmospheric pressure at which meat is stored and storage type, etc.). It is known that water activity has a major role in the post-mortem metabolism of meat. The reduction of water activity to a minimum level is considered as a significant criterion for post-mortem metabolism and meat quality. Water activity values reflect the amount of water available for the use of microorganisms for their metabolism and performance. Therefore, water activity is considered a microbiological stability indicator for food and is attached great importance in food technology (Isengard, 2001) . The findings of this study have shown that the impact of Yucca schidigera on the water activity of the Musculus longissimus dorsi is greater than that on the water activity of the Musculus gluteo biceps. The conversion of glycogen into lactic acid and the reduction of the pH value in muscles both play an important role in the post-mortem metabolism of meat. Hopkins and Fogaty (Hopkins and Fogarty, 1998) reported that the pH value of lamb meat varied with breed and muscle (5.0-5.96), whilst Teixeira et al. (Teixeiraet al., 2005) reported variances with breed and slaughter weight (5.5-5.9). Yucca schidigera frequently contains saponins such as D-glucose, D-galactose, D-glucuronic acid, D-ribose, D-xylose, L-arabinose, L-fructose and L-ramnose as well as carbohydrates including 3-methyl glucose, quinovose and apiose (Mahato et al., 1998; Milgate and Roberts, 1995; Oleszek, 2002) . The results obtained in the present study have shown that both the Yucca schidigera powder and the length of the storage period of meat have significant effect on the pH values of the gluteobiceps and longissimus dorsi muscles (Table 2) , and the values obtained were determined to display similarity to the reference values indicated in literature (5.45-5.77) (Hopkins and Fogarty, 1998; Teixeira et al., 2005) . These results have also demonstrated that the supplementation of feed rations with 100 ppm of YSP significantly reduced muscle pH values and significantly affected glycogen rates and lactic acid formation. Low pH values having been measured in meat belonging to Group YSPI may be considered to arise from the carbohydrates found in the structure of saponins, yet high pH values having been measured in Group YSPII cannot be fully explained, and it is hypothesized that high saponin content adversely affects carbohydrate metabolism, and thus pH values. Free radicals generated by metabolic processes in the organism bring about the occurrence of oxidative reactions. The first products of oxidative reactions are peroxides, and are followed by the formation of hydrocarbons, aldehydes, ketones, alcohols and organic acids. These products have adverse effects on the nutritional value, sensorial properties and shelf life of animal products (El-Massry et al., 2002) . Antioxidants play an important role in the elimination of free radicals. It is well known that antioxidants significantly reduce lipid peroxidation, one of the major indicators of free radicals, in muscle tissue (Halici et al., 2012; Imik et al., 2010; . Saponins and phenolic compounds found in the structure of Yucca schidigera (resveratrol, yuccaols A, B, C, D, E and yucaone A) have been shown to affect antioxidant activity positively owing to their redox property (Cheeke, 2009; Enginar et al., 2006) . Aksu et al. (2007) reported that the phenolic compounds found in sorghum significantly reduce lipid oxidation and thereby, positively affect meat quality. Nasri et al. (2012) determined that the supplementation of lamb rations with Quillaja saponaria had no effect on lipid oxidation in the longissimus dorsi muscle. In the present study, it was observed that the antioxidant substances found in the structure of YSP, which was incorporated into the feed ration, eliminated free radicals from the environment, and thereby, significantly reduced lipid peroxidation in the Musculus gluteo biceps and Musculus longissimus dorsi (Table 2) . Yucca schidigera having determined to increase the water activity of the longissimus dorsi muscle, and at the same time, to reduce lipid peroxidation demonstrates that it contains highly effective antioxidant substances. Furthermore, the detection of a Days*Treatments interaction in the Musculus longissimus dorsi further supports this finding. The natural colour of meat is formed by myoglobin and haemoglobin pigments. These pigments are composed of globin, a porphyrin ring and an iron ion. These three compounds, which define the colour of meat, are all rather sensitive to oxidation (Barbut, 2002; Mancini and Hunt, 2005) . Teixeira et al. (2005) reported that, varying with body weight, sex and breed, the L*, a* and b* values of lamb meat ranged between 34.1-53.2, 11.5-21.5 and 6.5-12.5, respectively. Sante´-Lhoutellier et al. (2008) determined that, in lamb meat, of the colour parameters, the L*, a* and b* values were not affected by roughage or concentrated feed but were influenced by the length of the storage period. Hopkins and Fogarty (1998) reported that the colour parameters of the M. longissimus thoracis varied with breed while no such variance was observed in the M. semimembranosus. Nasri et al. (2012) suggested that the supplementation of lamb rations with Quillaja saponaria contributed to the stability of the colour quality of the longissimus dorsi muscle. In the present study has been determined that, the oxidation of the colour parameters of muscles is directly proportional to the water activity of muscles. Meat quality is inversely proportional to microbial population. It is known that microbial population increases directly proportional to prolonged storage and increased water activity. Antimicrobial substances found in the structure of meat play a major role in the preservation of meat. Previous research has shown that the shelf life of meat increases with the use of plant leaves and extracts containing substances with bactericidal and bacteriostatic effects (Bornez et al., 2009; Mastromatteo et al., 2010) . Researches are available, which suggest that the supplementation of ruminant rations with Yucca schidigera extract induces antiprotozoal and antimicrobial effect in the rumen, and thereby, regulates fermentation and enables the better utilisation of nutrients (Eryavuz and Dehority, 2004; Hu et al., 2005; Pen et al., 2006) . The saponin content of Yucca schidigera has antiprotozoal effect. Saponins react with the cholesterol found in the cell membrane of protozoans, disrupt their cellular integrity, and thereby, cause the death of protozoa (Wang et al., 1998) . However, no scientific literature is available on how the saponin content of YSP affects the microbiological quality of meat. The effects of Yucca schidigera powder on microbial growth in the Musculus gluteo biceps and Musculus longissimus dorsi are presented in Tables 4 and 5 . Of these microorganisms, total mesophilic aerobic bacteria are used as an indicator of microbiological quality of food. In the present study, while it was observed that YSP had no effect on the growth of Staphylococcus aureus in the longissimus dorsi muscle, the counts of this bacterium was determined to have increased significantly in the gluteobiceps muscle on days 7, 9 and 11, in comparison to the control group. The significant increase detected in the water activity of the groups that received Yucca schidigera powder can be considered as the cause of microbial growth. The storage period of meat and microbial growth are directly proportional to each other. In the present study, it was observed that the antibacterial effect of Yucca schidigera powder on the longissimus dorsi and gluteobiceps muscles varied with bacterial species. Furthermore, these findings demonstrate that Yucca schidigera does not have antifungicidal property (Table 4 and 5).
Conclusions
In conclusion, the incorporation of YSP into lamb feed rations significantly increased the water activity of the longissimus dorsi muscle, but was observed to have limited effect on the water activity of the gluteobiceps muscle. In Group YSPI, the pH values of both muscles having been determined to be significantly reduced, demonstrated YSP to affect the glycogen metabolism of muscles. It was ascertained that YSP significantly reduced lipid peroxidation in the longissimus dorsi and gluteobiceps muscles. Furthermore, it was detected that YSP affected the colour parameters of the longissimus dorsi muscle more than that of the gluteobiceps muscle. While YSP was confirmed to have bactericidal effect, no antifungicidal effect was detected. Further studies are required to fully elucidate the effect of the supplementation of ruminant rations with Yucca schidigera on meat quality.
